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By Thomas A. Harris and Paul E. Purser
SUMKARY

An lrvestigation was made in the XaCa 7- Dby 10-foot
wind tunnel of three plain ailerous on an XACA 23012 wing
with fulli-epan combiretlons of ¥owler and split-type
fleps. The stetlc roliiung, yawing, and hinge moments
wore determined cnd ars presented for several angles of
attack anéd T.ep deflections. 1In addition, the lateral-
control chatacteristlcs wera comruteé for & typical pur-
sult airplenre with two of the arrangements.

The results indicated that a plain sealed aileron
with internal balance will provide lateral control for
alrplanvs equlipped with full-span combinations of slotted
and srlit-lype flaps. Flight tests of at least one of
the comblnations are recommended.

IFTRODUCTION

The N4ACA has undertaken an extensive investigation
for the purrose of developlng lsteral-control devices
suitabls for use on wings equipred with full-span tralling-
edge high-1ift devices. In this investigation, a plug-
type, spoller—-slot alleron has been developed that gave
satisfactory lateral control on a wing with a full-span
slotted flep but was vnsatisfactory for use wlth a split
flap. A more complicated lateral-controli system, which
connists of a plain aileron on the trailing edge of a
slotted flap in conjunctlion with a slot-1lip alleron, has
also been developed. (see refersnces 1 and 2.) PFronm the
wind-tunnel resulte, both of these devices appear satis-
factory for use on a wing with a full-span slotted flap;



flighkt tests are planned. 4 tyre of lateral-control de-
vice that has proved satisfactory for use with full-span
retractable split flaps is the plain aileron. Wind-tunnel
and flight tests of this device are reported in references
3 and 4.

Tke present testes were made to determine the charac-
teristics of a-plain aileron on & wing with an outboard
retractable split-tyre flap and an indboard flap of a type
giving a higher 1ift and lower drag than the split flagp.
The Fowler flap was selected for the inboard location be-
cause it 1s believed to be a representative slotted~type
flap and it gave the largest increment in maximum 1lift

‘coefficient of any of the single slotted flaps invegti-
gated. (See reference 5.)

From the test results the lateral-control character-
istics ‘were computed for a typlecal pursuit airplane with
pPlein sealéd ailerons with and without balance and two
combinations of Fowler and spllt-type flaps.

APPARATUS AND METHODS

All tests were made in the FACA 7- by 10-foot closed-
throat wind tunnel (reference 5) et an alr speed of about
40 miles per bour, corresponding to a test Reynolds number
of approximately 1,440,000. The test set-up 1s shown
.8cheneticaelly in figure 1. The 0.30c Towler fiap was in-
stalled on the inboard 0.63 b/2 of the 4- Dy 8-fcot NACA
23012 wing ard the ailerons and the split-flap arrange-
ments (references 2%, 4, and 6) were installed oz the out-
board 0.37 b/2 of the wing.

The wing was susperded horiszontally in the wind tun-
nel with the -inboard end attached to the tunnel wall to
simulate the semispan of a 16-foot wing. The attachment
at the wall restrained the wing in gitch but not in roll
or yaw. The forcee necessary to restrain the outdoard
-end of the wing were measured by the regular balance sys-
tem. The rolling moments were computed from the differ-
ence in the vertical reactions at the outovoard end with
the alleror neutral and deflected; tne.yawling moments
were similarly computed from the horlzontal reactlons.
The lift coefficlients of the wing with aileron and flaps
neutral were .computed from the vertical outboard reaction
end the assumption that -the lateral center of pressure of
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.. the. semispan was 0.45.b/2 from the. plane of symmetry.

This method of computation wae not used with flaps down
because. the type and the deflection of the flaps changed
along the span. The 1lift coefficlents for the wing with
the flaps deflected were estimated from data in refer-
ences 6, 6, 7, 8, and 9, '

The aileron was manually operated by a crank outside
the tunnel near the inboard end of the wing, and the
hinge moments were computed from the twist of a cali-
brated torque rod connecting the crank and the aileron.,

The aileron-flep combinations tested are shown in
figure 2.

ESULTS AXKD DISCUSSION
Coefficients
Tke results of the tests are presented in figures 3
to 19 as curves of rolling-, yavlng-, and hinge-moment
coefficlents plotted against aiieron deflection at sever-
al angles of attack for eack aileron-flap combination.
The syrbols used in presenting the results are:
c 1ift coefficient (L/gS)
C;' rolling-moment coefficient (L'/qts)
Cp! yawing-moment coefficient (N'/gbs)
Cp , alleron hinge-moment coefficient (Ha/qsaca)
c wing ckord
c aileron ckord measured along the airfoil

cacrd Zing from the binge axis of the
aileron to tks trailing edge of the air-

fo1il
b twice span of samiépan model
S twize avea of semispan model

alleron area behind hinge line



L twice 1lift on samispan model
n rolling moment~about.wind axis

X! yawing momeat abéut wind axls

Hy alleron hinge mom;nf

Q dynamic pressure of aif stream
Bfl deflectlion of 1nboard Fowler flap
sfa deflection of outboard split flap
a angle of attack of wing in tunnel

A pogitive value of L' or OC1!' corresponds to a

decrease in 1ift on the model, and a positive value of

' or Cp' corresponds to an increase 1n drag on the
model, Twice the aActual lift, arsa, and span of the model
woere used in tha reduction of the results because the
model represents half of a completo wing, as has bdeon pre—
viously stated. No corrections have boen made to the data
for the offoct of the tunnel walls, Such corrections may
bPo rolatively large for this set-up.

¥ind—-Tunnel Data

Plain sealed aileron and plain split flap,~ The aero—-
dynamic ¢ characteristice of the plain ailercn with a grease
soal and the outboard plain split flap are shown in fig-
ures 3 to 7., Tho rolling-moment coefficlents produced by
the alleron are largest with only the inboard flap de-—
flected and decreased as the outboard flap was deflectod,
eapeclally for positive ailoron deflectlons when the flap
blanket-d tho alleron, As reported in references 3 and 4,
the advorse yawing—moment coefficiocnts encountered with
the outboard flap reutral were decroased whon the flap
wag deflectod, The alleron had lorgo hlnge-—-moment coef-
ficientes and an up-~floating tendcney with the split flap
noutral but had smaller hinge-moment coefflcients and a
down-floatlng tondency with the flap deflected. One tost
made with the gap at the nose of the alleron unsealed
(fig. 3) showed.that tho presence of even a small gap
(0,0007c) Aecreagsed thé alleron effectiveness. This
result 1e¢ in agrcement with previous data,




.+ - . Balanced.(0.30c,). sealed aileron and plain split

flap.~ The aerodynamic characteristics of the aileron
with a.sheet rubber seal and with a 0.30cg unfaired bal-
ance and the outbeard plain split flap are presented in
figures 8 to 12. These data indicate that, in general,
this combination provided slightly smaller rolling- and
yawing-moment coefficients than the plain sealed alleron
and - that the balance was not as effective as expected.

Balanced (0;300a)-aealed aileron and balanced aplit

flap.~ The aerodynamic characteristics of the aileron with
a sheet rubber seal and with a 0.30cy, unfalred balance and

the balanced split flep are given in figures 13, 14, and
15. The results show that when the outboard flap was de-
flected, this combination was more effectlive for .lateral
control than the same aileron with a plain eplit flap and
that it bad smaller hinge-moment coefficients but about
the same down~floating tendency. The dip in the hinge-
moment coefficient curve at 8, of about ~20° with the

outboard flap deflected was probably caused by the fact
that the nose of the aileron, when deflected, extended
below the lower surface of the main wing. (See fig. 2(d).)

Falanced (0-35°a) sealed and faired aileron and bal-

anced split flap.- The aerodynamic characteristics of the
alleron with a sheet rubber seal and with 0.35c, faired

balance and the balanced split flap are shorn in figﬁrea
16 through 19. The alleron with the 0.35cy balance was

8lightly more effective than the aileron with the 0.30cy
balance, probably bhecause the one with the 0.35c, balance

had a better shape (arc at top and bottom instead of sharp
" corners) and a differernt hinge-location ‘(midway between
the surfacee instead of near the lower surface). With
the flaps deflected 40° the rolling-moment coefficient
curve was cteep at small negative alleron deflectlions
(f1g£. 18). This abript change was smoothed ocut tv locat-
1ng the nose of the balanced split flap 0.0lc balow the
lover surface of the wing (figs. 2(e) and 19). The
ckange in flap-nose location also practically eliminated
the dip in the hinge~moment coefficlent curve.

Aprlication of Data

The lateral-control characteristics have been com-
puted for & typlcal pursuit airplane (fig. 20) equipped



with a.0.30c {nbosrd Fowler flap.and with two combina-
‘t4ons of 0.15¢ by 0.37 b/2 sealed allerons and 0.20c by
'0.37'b/2 outboard retractable split-type flaps. The com-
binations investigated were: (1) the plain alleron and
plain.split flap (fig. 2(b)) and (2) the balanced aileron
with 0.35¢c, balance and the balanced split flap located

0.0lc below the:wing lower surface (fig. 2(s)). An equal
up~and-down deflection of the allerons was assumed for all
computatlions because of the change in floating tendency

of the ailerons from the flap-neutral to the flap-deflected
-condition and also, -in general, the rolling-moment coef-
ficlent produced for a given deflection was greatest for
.the equal up-and-down deflection arrangement.

. The lateral-control characteristics presented in fig-
- ure 21 were computed from the data in figures 3, 6, 16,
‘and 19, using.the aerodynamlc characteristice of the
allerons wilthout any correctione and without taking ac-
count .of the difference 1lrn wing plan form. The 1ift coef-
ficient of the airplane at any partlcular angle of attack
and flap deflectidn was assumed to be that of the wing in
the "tunnel, computed as descrlibed urder Apparatus and
"Methodes Thesée 11ft coefficlents may not, however, be
realized on the alrplans.

_ "The resulte (fig. 21(a)) show that bdoth the plain
and the balanced ailerons glve about equal rolling—moment
coefficlents with the flap completely retracted. The ad-
verse (negaﬁive) yawing-rioment coefficlents for a given
rolling-moment coefficlent are, however, less for the
plain ailleron than for the balanced aileron; whereas the
stick forces, as would be expected, are lees for the bal-
anced alleron. The maximum stick force with full alleron
deflection for the high-speed flight-condlition 1s about
25 percert less for the balanced alleron tkan for the
plain aileron. - '

¥ith both flaps extended and deflected (fig. 21(Db)),
the rolling-moment coefficlents are greater for the bal-
anced alleron in combination with the balanced split flap
than for the plain aileron and plain split flap combina-
tion. This result was anticipated because the wind-tunnel
data previously presented showed the allerons to be more
effective with the balanced than with the plain split flap.
The adverse (negative) yawing-moment coefficients for a
£iven rolling-moment coefficient are less with the flaps
extended and deflacted than with the flaps retracted.
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For_the low angle-of-attack condition the yawing-moment
coefficients are favorable (positive) "The 'gstlck forces,
as is to be expected. are lesg for the balanced alleron
but in no case are they very large because of the rela-
tively low speeds éconsldered.

Computations made, as outlined in reference 10, of
the reduction in stick force due to rolling showed thpat
nelther of the aileron arrangements would be over-balanced.

CONCLUDING REMARKS

-The results of the tests indicated that- lateral con-

“"trol could be obtained with plain esealed allerons on a

wing with an inboard Fowler flap and an outboard split-
type flap. The rollirg-moment coefficilents produced by
2 given alleron defiection were larger for the alleron
in combination with a deflected retractablée balancsd
split flap than with ths deflected retractabdle plailn
split flap. It 1s beliesved, moreover,; that the laterasl

control system will work equally well with any other type
of inboard flap.

Flight tests of a wing with an inboafd-flap of the
slotted type, a sealed aileron with a faired.0.35c, bal-
aace, and an ‘outboard retractable balairced split flap

+located 0.01lc below the wing lowver surface are recommended.

Langley Hemorial Aeronaut cal Labqratery.
.Natlonal Advisory Commlittee for Aeromautics,
lLangley Field, Va. : s
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NACA Fig. 19
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Figure 19.- Aerodynamic characteristics of a
0.15¢ by 0.37 b/2 sealed aileron
with a 0.35c, balance on an NACA 23012 wing
with a 0.30c¢ by 0.63 b/2 inboard Fowler flap(f )
and a 0.20c by 0.37 b/2 outboard retractable
balanced split flap(fs). Gflz 400; 2 400,

Nose of "fz" is located 0.0lc below lower
surface of wing.
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